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AN OPTICAL APPROACH FOR
PROXIMITY OPERATIONS COMMUNCIATIONS FOR
SPACE STATION FREEDOM

INTRODUCTION

The proximity operations communication system is a critical component in performing
the missions required of the Space Station Freedom. By definition it is the system that
will implement all communications within a 37 kilometer radius of the station. This
encompasses all EVA activity as well as rendezvous and docking procedures in the
initial phase of station deployment. It may also include links to co-orbiting platforms at
growth to support the Freedom'’s role in NASA's new initiatives with an increased range
of up to 2000 Km. Technology for communicating at Ku band (the frequency band
initially selected for the prox ops communication system) is very mature, implying no
significant technology challenges, but that maturity has now shown itself to be a
disadvantage. Ku band has become very crowded such that NASA cannot get a
primary Ku band frequency allocation for the proximity operations communication
system. This means that the Freedom and its constellation could suffer severely from
interferences with terrestrial as well as other space-based sources. This problem has
led to the search for other alternatives for prox ops communication. One alternative,
which is the subject of this report, is an optical communication system.

This report documents an effort to analyze the Space Station Freedom’'s mission
requirements for proximity operations communication and develop an optical
communications systems to meet them. An optical approach is desirable for reasons
besides the interference problem: due to the inherently digital nature of a pulse position
modulation (PPM) scheme, the signal processing electronics become much simpler;
and the potential bandwidth is much higher than RF bandwidths, allowing a simple
avenue for growth that will have a minimal impact on components ancillary to the

receivers and transmitters.

The overall approach to this study was to analyze the missions and requirements and
design an optical system that would minimize new development. For the most pan, this
approach was successful and a design of an optical communications systems consisting
primarily of off-the-shelf components was produced. The one exceptional mission that
will require some new development is the EVA terminal, where tracking and obscuration
presents a particularly challenging problem. However, a radio at Ku or Ka band suffers
from difficulties similar to an optical system. This particular mission will be treated in
detail later in this report.

In summary, an optical system design was developed for the rendezvous and docking
missions space station is required to support. This system is shown to be competitive
with a radio frequency system in terms of size, weight, power, and development risk.



There are still many issues to be resolved and many elements of the Space Station
Freedom Program that have not to date been firmly baselined. The following
paragraphs describe the current understanding of the station's missions and system
requirements. These were used as a common ground of understanding for this study.

The mission of the space station is two-fold: to support the on-going research in the
various areas of the space sciences and to serve as a transportation node for NASA's
new initiatives. To some extent, these are overlapping areas. In order to support the
Manned Mars Mission ( a new initiative), there will be a great deal of life sciences and
microgravity research done on the space station. However, for the purposes of
developing mission requirements, these funcitons will be considered separately.

Space Station Freedom will support on-going research in all disciplines of the space
sciences. There will be both internal laboratory facilities as well as external payloads
facilities. The station will provide all the basic utilities of a laboratory and the
infrastructure required to transfer the information gleaned in experiments to the
cognizant scientist. In addition, the internal laboratories will support man-tended
experiments under the direction of a mission specialist. Examples of the Types of
experiments supported internally are materials research and microgravity experiments.
Examples of the types of experiments supported externally are astronomical observation
and earth sending activities.

Space Station Freedom will support 21st century exploration of the solar system by
providing the services of a "way station" or transportation depot as well as a "dry dock"
for interplanetary space craft. The two best defined missions of this nature are the
Manned Mars Mission and the Permanently Manned Lunar Colony.

To support the Manned Mars Mission, the space station will be required to support the
on-orbit construction of a manned mars vehicle. This includes both vehicle assembly
and logistics support. In reference to the latter, communications to a co-orbiting
" propellant tank farm may be required.

Support of the Permanently Manned Lunar Colony is primarily logistical in nature. The
station functions as transportation node in this case, forming an interface point between
the ground to low earth orbit (LEQO) vehicles and the space-based non-atmospheric
vehicles design to ferry personnel and materials to and from the moon.

To support these missions will require a significant amount of relatively short range
communications, both to vehicles for rendezvous and docking support and to robotic
elements or EVA's that support payload maintenance and vehicle construction. In
addition, there may be elements of the space station constellation, such as a propellant
tank farm, that require permanent, constant communications links. These are the
scenarios that drive the requirements enumerated in the remainder of this report.



This report is divided into two major sections. The first section deals primarily with the
system level requirements of the proximity operations communications and the
conceptual design and interfaces of the electronics portions of the transmitter and
receiver. The second section deals with the conceptional design of the optical portion of
the system including optical link trades, acquisition and tracking analysis, and optical

terminal design.

The remainder of this report is presented in figures with text on facing pages.
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